The delivery and antinociceptive effects of morphine and its ester prodrugs from lipid emulsions.
Long-acting analgesia is critical for patients suffering from long-acting pain. The purpose of this study was to develop lipid emulsions as parenteral drug delivery systems for morphine and its ester prodrugs. Morphine prodrugs with various alkyl chain lengths, including morphine propionate (MPR), morphine enanthate (MEN), and morphine decanoate (MDE), were synthesized. The prodrugs were stable against chemical hydrolysis in an aqueous solution, but were quickly hydrolyzed to the parent drug when exposed to esterase and plasma. Lipid emulsions were prepared using phosphatidylethanolamine (PE) as an emulsifier, while squalene was used as an inner oil phase. Drug release was found to be a function of the drug/prodrug lipophilicity, with a lower release rate for more-lipophilic drug/prodrugs. The inclusion of morphine and its prodrugs into lipid emulsions retarded their release. Lipid emulsions, which incorporated cholesterol, generally exhibited a drug/prodrug release comparable to that of emulsions without co-emulsifiers. Pluronic F68 (PF68) further slowed down the release of morphine and its prodrugs from the emulsions. The antinociceptive activity through the parenteral administration of these emulsions was examined using a cold ethanol tail-flick study. Compared with an aqueous solution, a prolonged analgesic duration was detected after application of the drug/prodrug emulsions. Incorporation of co-emulsifiers such as PF68 and cholesterol further increased the duration of action. The combination of prodrug strategy and lipid emulsions may be practically useful for improving analgesic therapy with morphine.